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INTRODUCTION

MATERIALS AND METHODS

Concern over amphibian population declines and
species extinctions (e.g., Blaustein & Wake, 1990;
Wyman, 1990; Wake, 1991; Green, 1997; Lannoo, 1998)
first surfaced in the late 1980s. It has since generated
efforts to determine the status of these animals around the
world. Early reviews of the scientific literature and
known ongoing studies demonstrated that too few longterm studies were available to assess trends for
amphibians in any region (Pechmann et al., 1991; Vial &
Saylor, 1993; Mitchell et al., in press). This resulted in a
call by the scientific community for the establishment of
long-term studies using standardized techniques so that
comparisons could be made across space and time. The
survey and monitoring protocols outlined in such
publications as Heyer et al. (1994), Fellers & Freel
(1995), and Olson et al. (1997) have been since utilized in
studies around the world. The techniques that may be
utilized on streamside salamanders, such as quadrat
sampling, transect sampling, and visual encounter
surveys, assume that hand capture methods will be used,
a method best suited for adults. Juvenile and larval
salamanders of species inhabiting stream habitats,
however, pose special problems with regard to
catchability and handling.
Juveniles and larvae are particularly difficult to
capture by hand because of their wet, slippery skin. In
addition, these small animals are adept at escaping into
numerous interstices among the rocks and gravel in and
along the sides of streams. Capturing salamanders in
these hiding places requires researchers to disturb
microhabitats in small, fragile first- and second-order
streams by moving rocks and digging into the substrate.
We describe herein the use of refugia bags as a technique
to capture and monitor juvenile and larval salamanders in
streams without disturbing the habitat. We also provide
results from two studies to demonstrate the effectiveness
of this methodology for selected species of streamside
salamanders in the Appalachian Mountain region.

We designed refugia bags while we were conducting
studies on the life history of the seal salamander
(Desmognathus monticola), a common streamside
salamander in the Appalachian Mountains (Petranka,
1998). The idea to use refugia bags for amphibians
resulted from the work of aquatic invertebrate biologists
at the Fernow Experimental Forest lab who reported
finding juvenile and larval salamanders in leaf packs
similar to those described in Merritt & Cummins (1996).
Juvenile and larval salamander refugia bags (Fig. 1) were
constructed from plastic netting with a mesh size of 3-4
cm. The netting is the type used .to cover trees to protect
fruit from birds and can be ordered from forestry supply
companies or purchased at feed and farm stores and
garden centers. Netting comes in rolls or in flat, folded
sections. The folded netting is easier to lay out, measure,
and cut. Netting should be cut into 45-50 x 30 cm
sections, and small rocks (no larger than 10 x 15 cm)
placed in the bottom. Layers of mosses or leaves should
be placed on top of the rocks. Pull the tops of the sections
tightly up and around the rocks and leaves, and tie off the
top with twist-ties. If the bag is not tied tightly, then adult
salamanders may also seek shelter in the leaves. Bags
should be placed in water in the streams but not
submerged. Orange or red flagging can be tied to each
bag for easy recognition in the field. This is especially
important in the event that high water covers the bag with
debris. To prevent bags from washing downstream during
high , water events, place a large rock on the bag or place
two large rocks below (and touching) the bag. Bags can
be checked periodically as dictated by the study design.
A bag is checked by lifting it from the stream and quickly
placing it in a white plastic dishpan and shaking it until all
salamanders have emerged from the bag into the dishpan.
The pan provides a white background against which the
salamanders can be easily observed. The bag can be
returned to the desired location in the stream.
Once caught, juveniles can be identified to species,
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Fig. 1. Example of a completed refugia bag used to capture larval and juvenile streamside salamanders.
counted, measured for total length, snout-to-vent length,
and released. Data can be recorded as the number of
salamanders of each species and age class per refugia bag
per sampling time interval or per sampling area. Data
from refugia bags provide estimates of relative abundance
among sites and species when compared under similar
env ironmental conditions and over similar sampling
periods.
Refugia bags are similar to leaf pack samplers and
basket samplers used by aquatic entomologists to study
macro invertebrates in streams (e.g., Anderson & Mason,
1 968; Hilsenhoff, 1969; Crossman & Cairns, 1974;
P etersen & Cummins, 1974). Leaf packs are used to
sample larval insects in riffles of streams or small rivers
and basket samplers are cylindrical wire baskets packed
with rocks and leaves for use in riffles of larger rivers.
Bath te chniques are used for qualitative and semi-

quantitative sampling (relative abundance), rather than
strict quantitative sampling to density values (Merritt &
Cummins, 1996).
RESULTS AND DISCUSSION
We used refugia bags initially during 1989-1994 in
five watersheds in the Fernow Experimental Forest,
USDA Forest Service Northeastern Research Station at
Of the 1,523 juvenile
Parsons, West Virginia.
salamanders captured during this period, 66.5% were
captured in bags and 33.5% were captured by hand after
turning rocks.
We also examined the effectiveness of refugia bags in
two studies of juvenile and larval salamanders in firstorder streams in eastern West Virginia from 1996 to 1998.
We conducted the first study in four streams on the West-
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vaco Wildlife and Ecosystem Research Forest in Randolph County and the second study in nine streams on the
U.S. Department of Agriculture gypsy moth control study
plots in the Monongahela National Forest in Pocahontas
County. In these studies, seven streams were spring fed
and maintained a constant flow of water. Six streams had
no spring connections and had intermittent flows.
We found five species of salamanders in the 13 firstorder streams in both studies. Of these, Desmognathus
juveniles used the bags more frequently than Gyrinophilus
porphyriticus and Eurycea bislineata juveniles (94 vs 7),
but larvae of the latter two species occupied the bags
more often than Desmognathus larvae (131 vs 24) (Table
1). The low number of Desmognathus larvae is probably
due to the short larval periods and restricted habitat of
these species in the Appalachian region (Petranka, 1998).
The larval period for Desmognathus ochrophaeus is
known to be less than two weeks, and in some cases there
is no free-swimming larval stage (Marcum, 1994). Newly
hatched D. monticola larvae stay in water film on the
undersides of rocks, and at later developmental stages
inhabit the interstices of the substrate in riffles (Marcum,
1994), making it less likely that they will encounter the
bags.
We also evaluated the effectiveness of refugia bags in
relation to capturing salamander larvae with aquarium
nets and searching the bottoms of streams at night with
flashlights. Data in Table 2 demonstrate that, with the
exception of larvae that inhabit plunge pools, such as E.
bislineata, bags are at least as effective as using nets and
more effective than night searches. Night searches and
refugia bags are less disruptive to the stream habitat than
searching with nets, and bags are more useful when
daytime searches are necessary.
Several effective techniques have been used by

Table 1. Total number of juveniles and larvae of five
species of salamanders captured in refugia bags in firstorder streams in the Westvaco Wildlife and Ecosystem
Research Forest (1996-1997) and the USDA gypsy moth
study plots in eastern West Virginia (1997-1998). Total
number of trap days was 274; each bag was checked
monthly June-October.
Species
Desmognathus fuscus
Desmognathus monticola
Desmognathus ochrophaeus
Eurycea bislineata
Gyrinophilus porphyriticus
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Larvae Juveniles Total
36
11
25
58
12
46
24
23
1
5
56
51
2
82
80

investigators to capture salamander larvae (Shaffer et al.,
1994; Fellers & Freel, 1995; Mitchell, 1998a, b). These
techniques involve using a tea strainer or aquarium dip net
to capture larvae from silt in plunge pools or interstices in
the substrate. Although larvae can be captured in pools
without disturbing the substrate, it is usually necessary to
dig into the rocks and gravel with a tea strainer to capture
small larvae. Refugia bags are effective for salamanders
because they provide a refuge where juveniles can find
shelter from cannibalistic adults and predatory species. A
primary assumption with this technique is that the escape
behaviors of juveniles and larvae of all species sampled
are similar. Refugia bags may also provide a substrate for
small food items for juveniles, although this needs further
investigation. The use of refugia bags provides a nonintrusive method for collecting and monitoring juvenile
and larval streamside salamanders without disturbing the
substrate. This microhabitat is used by various life
history stages of small benthic invertebrates and is also
where the eggs and larvae of several species of
salamanders reside. Refugia bags provide an effective
method for studies on the ecology and life histories of
streamside salamanders, and they are effective tools for
use in long-term monitoring programs.

Table 2. Number of larval salamanders captured by three
different collection methods in first-order streams in
USDA gypsy moth study plots in eastern West Virginia.
Number of trap days for bags = 274 (monthly, MaySeptember) and number of sampling periods for nets and
night searches = 12 (monthly, June-September 1997 and
1998).
Refugia Aquarium Night
Species
Bags
Nets Searches
Desmognathus fuscus
1
11
13
1
Desmognathus monticola
6
3
Desmognathus ochrophaeus 1
3
0
Eurycea bislineata
22
333*
15
Gyrinophilus porphyriticus
22
28
7
Total
62
380
24
* Number of E. bislineata is high because all searches
in 1998 were conducted in pools where this species was
abundant.
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On the Occurrence of Several Species of Pterostichine
Ground Beetles in Virginia (Carabidae: Pterostichini)
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Most species of Southern Appalachian beetles remain
very poorly known, even though the general composition
of that fauna has been sketched in broad strokes for a long
time. Insofar as ground beetles (carabids) are concerned
there are still some undescribed taxa (some of them fairly
large forms) to be accounted, and for most species our
knowledge of distributional patterns is totally inadequate.
These facts were enunciated by P. J. Darlington in 1931,
but the challenge was not taken up for another three
decades, when Thomas C. Barr began his extensive
researches on the Appalachian carabid fauna. Dr. Barr's
stimulating summary paper of 1969 catalyzed this writer's
interest in the subject, and his personal activity with the
Virginia fauna commenced on a serious basis in the early
1970s. Collecting efforts which were largely incidental to
other work during the next two decades were substantially
accelerated in 1989, when a long-range program to
inventory the soil and litter fauna of Virginia was
commenced at the Virginia Museum of Natural History.
Since a number of range extensions and additions to the
known fauna of the state have accumulated, it seems
desirable to put them on record, and I start with accounts
of several rather poorly-known species in the
Pterostichini, a tribe of predominantly sylvan species of
Carabidae. A contribution in this same general vein has
been published recently by R. L. Davidson (1995), who
added several pterostichines to the known fauna of the
state.

The taxa treated here have been cited for "VA" in the
1993 list of Nearctic carabids by Bousquet & Larochelle,
on the basis of data - herein formally documented supplied to those authors. Unless otherwise specified, all
material recorded below was taken by me (or by museum
inventory work) and is housed in the Virginia Museum of
Natural History.
1 .Gastrellarius blanchardi (Horn)
Described from Highlands, North Carolina, this
diminutive species has been recorded only as far north as
the Black Mountains of that state. Unpublished records
extend the known range considerably farther northward
(about 152 miles/354 km), into southern West Virginia:

Virginia: Floyd County: Buffalo Mountain, ca. 3,000
ft/1,000 m., 23 May1968 (T.C. Barr Colln.). Grayson Co.:
Grayson Highlands State Park, Haw Orchard Mountain at
4800 ft/1,600 m., 8 August 1990 (2); also 30 August 1990
(1); south slope Mount Rogers, ca 4,000 ft/1334 m., 8
May 1976 (1); Whitetop Mountain, spruce forest at 5320
8/1,775 m., 23 December 1985 (1); beech woods at 5,000
ft/1670 m., 11-31 July 1991 (2). Tazewell Co.: Burkes
Garden, east slope Beartown Mountain at 4,000 ft/1,334
m., 27 August 1978 (1), also 17 July 1977 (1).

